Molecular cloning and characterization of a moss (Ceratodon purpureus) nonsymbiotic hemoglobin provides insight into the early evolution of plant nonsymbiotic hemoglobins.
Nonsymbiotic hemoglobins (nsHbs) are widespread in plants including bryophytes. Bryophytes (such as mosses) are among the oldest land plants, thus an analysis of a bryophyte nsHb is of interest from an evolutionary perspective. However, very little is known about bryophyte nsHbs. Here, we report the cloning and characterization of an nshb gene (cerhb) from the moss Ceratodon purpureus. Sequence analysis showed that cerhb is interrupted by 3 introns in identical position as all known plant nshb genes, which suggests that the ancestral nshb gene was interrupted by 3 introns. Expression analysis showed that cerhb expresses in protonemas and gametophytes growing in normal conditions and that it overexpresses in protonemas subjected to osmotic (sucrose), heat-shock, cold-, and nitrate-stress conditions. Also, modeling of the Ceratodon nsHb (CerHb) tertiary structure suggests that CerHb is hexacoordinate and that it binds O(2) with high affinity. Comparative analysis of the predicted CerHb with native rice Hb1 and soybean leghemoglobin a structures revealed that the major evolutionary changes that probably occurred during the evolution of plant Hbs were 1) a hexacoordinate to pentacoordinate transition at the heme prosthetic group, 2) a length decrease at the CD-loop and N- and C-termini regions, and 3) the compaction of the protein into a globular structure.